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This inquiry seeks to establish that in his book The Entropy Law and the Economic
Process [1971] (2013), author Nicholas Georgescu-Roegen (1906-1994) provides a
foundation for ecological economics. Georgescu-Roegen ([1971] 2013, 2) took
issue with the economic process being seen as a mechanical analogue, as this
supposes that there are no qualitative changes involved in the economic process,
either ones that it induces or ones related to the environment that affect it.
Georgescu-Roegen ([1971] 2013, 2) also notes that, as of the time of his writing,
there did not exist a single economic model that included a variable to represent
the contributions of nature, reflecting the lack of consideration towards natural
resources that is typical of mechanistic economics.
As it relates to economics, the Entropy Law implies that the economic
process is indeed limited because it is reliant on finite natural resources, e.g., fossil
fuels and minerals. Specifically, the economic process involves using low-entropy
natural resources in the production of consumer goods and results in the discarding
of high-entropy waste, e.g., heat in the form of CO2 and other greenhouse gasses,
into the environment. This process eventually results in noticeable environmental
degradation. Georgescu-Roegen ([1971] 2013, 3) teaches us that the Entropy Law
is “the most economic in nature of all natural laws,” and that analyzing the
relationship between the economic process and the Entropy Law is the only way to
uncover the qualitative features of the economic process that are obscured by the
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mechanical analogue of modern economics, such as those related to the natural
environment.
Notably, Georgescu-Roegen’s work on the Entropy Law proves foundational
for the field of Ecological Economics. Based upon the idea that the economy exists
within a social system—which in turn is a subsystem of the biosphere—ecological
economics views humans as being connected to the environment, rather than
separate from it. These views originate from and are closely aligned with
Georgescu-Roegen’s writings on entropy and economics.

Entropy and Economic Processes
In his magnum opus The Entropy Law and the Economic Process ([1971] 2013,
283), Nicholas Georgescu-Roegen seeks to advance his thesis “that the basic
nature of all economic process is entropic and that the Entropy Law rules supreme
over this process and over its evolution.” As it is related to the economy, entropy
refers to the irreversibility of all processes of Change. The Entropy Law, also
known as the Second Law of Thermodynamics, states that the entropy (that is,
disorder or randomness) of the universe, or of some isolated system, is always
irreversibly increasing. In Georgescu-Roegen’s words ([1971] 2013, 6), this means
that “in the universe there is a continuous and irrevocable qualitative degradation
of free into bound energy,” or an ongoing conversion of order into disorder.
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Furthermore, it should be noted that life being present in a system results in a faster
increase in the entropy of that system than there would otherwise be. The
consideration of the economic process as it relates to entropy, Georgescu-Roegen
notes ([1971] 2013, 1-2), is in stark contrast to the established mechanic
foundation of economic thought that disregards qualitative changes and views the
economy as an isolated and self-contained system.
In general, the economic process involves the conversion of low-entropy
resources, i.e., natural resources, into high-entropy waste, i.e., pollution. Thus,
Georgescu-Roegen ([1971] 2013, 277-278) remarks that “our whole economic life
feeds on low entropy” and that for something to be useful, it must be of lowentropy. Furthermore, Georgescu-Roegen ([1971] 2013, 6) teaches us that the
Entropy Law in economic processes implies that resources are scarce. Moreover,
scarcity exists due to the fact that the quantity of low entropy that is available in
the environment is continuously and irrevocably decreasing, and because any
amount of low entropy is only able to be used once (Georgescu-Roegen [1971]
2013, 278). If the entropic process was able to be reversed, then the energy from,
for example, a piece of firewood could continue to be used repeatedly forever, and
an increase in population would simply require that existing pieces of firewood be
reused more often to accommodate for the greater need of a larger population.
Additionally, entropic degradation occurs no matter if the free energy is used in a
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production process or not, so materials and resources will become scarce over time
regardless of whether their low entropy is utilized.
Georgescu-Roegen ([1971] 2013, 6) also notes that humans’ unwillingness
to recognize the human limitations surrounding space, time, matter, and energy
occasionally leads to the belief that it is possible to override the Entropy Law, and
that there must be some type of energy that is self-perpetuating and therefore
exempt from the Entropy Law. This lack of understanding and ignorance
surrounding the irreversibility and biologic qualities of economic laws has resulted
in economists neglecting to observe developments in biology that could give way
to many rich ideas regarding economic processes (Georgescu-Roegen [1971] 2013,
11). However, Georgescu-Roegen ([1971] 2013, 6) concedes that, as some
economists believe, nuclear energy is a possible form of energy that may be proved
to be self-perpetuating.
It is important to note though that Georgescu-Roegen ([1971] 2013, 19) also
teaches us that the relationship between the Entropy Law and the economic process
does not help economists to manage any specific economy in a better way. Neither
does the Entropy Law aid an economist in determining exactly what will occur
tomorrow, or a year from tomorrow, or several years further in the future, as its
effect is only able to be seen by accumulation over extended periods of time. The
Entropy Law does, however, allow economists to see that the pressures population
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growth is putting on agriculture will lead to consequences worse than the Great
Migration from the Eurasian steppes unless the mechanization of agriculture is
spread around the world (Georgescu-Roegen [1971] 2013, 19). Moreover, if
economists commit to studying the connections between the Entropy Law and the
economic process, Georgescu-Roegen ([1971] 2013, 18) tells us that entropy will
broaden and improve their understanding of the economic process and will teach
them what objectives are greater for the economy of mankind. Additionally, the
Entropy Law draws much-needed attention to the issue of pollution (GeorgescuRoegen [1971] 2013, 19).
Georgescu-Roegen also discusses how entropy is connected to economic
value. Specifically, because low entropy is necessary for the entirety of economic
activity ([1971] 2013, 277), it is also a requirement for something to have value
([1971] 2013, 282). However, just because something is of low entropy does not
mean that it has value (e.g., poisonous mushrooms), and something containing high
entropy can still have value (e.g., a beaten egg or a shuffled deck of cards).
Additionally, Georgescu-Roegen ([1971] 2013, 282) importantly notes that the real
source of economic value is the value that each life-bearing individual has for life.
This discovery now naturally leads to a discussion of the true product of economic
processes, as, according to Georgescu-Roegen ([1971] 2013, 282), the true product
is not the high entropy waste that results from the economic process, but rather the
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enjoyment of life by everyone. The enjoyment is diminished by labor, due to its
drudgery, and heightened by an increase in the rate of consumption (GeorgescuRoegen [1971] 2013, 18). Furthermore, as the economic process consists of the
conversion of low-entropy natural resources into high-entropy waste, and because
the process is willed and not automatic, Georgescu-Roegen ([1971] 2013, 18) thus
concludes that natural resources, as well as the services utilized in the process,
must be considered as making up a portion of economic value.

The Entropy Law and the Biosphere
In addition to the role it plays in the economy, entropy is also an important part of
the biosphere and Nicholas Georgescu-Roegen discusses this at length in The
Entropy Law and the Economic Process [1971] (2013), as well as in his other
writings on entropy, economics, and energy.
The Entropy Law tells us that Earth’s supply of natural resources is finite.
Therefore, it is important to consider the needs of future generations when
consuming natural resources. In particular, as Georgescu-Roegen ([1971] 2013,
21) notes, using any quantity of natural resources for nonvital needs in the present
means that the capacity for life will be lower in the future. However, this has not
yet been realized by many governments. Georgescu-Roegen ([1971] 2013, 294)
points out that with the immense growth of industrial capacity there has not been
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enough consideration given to the fact that the limited quantity of natural resources
on Earth strictly limits the use of said industrial capacity and that this excess
planning is wasteful and unnecessary. Thus, entropy—in this case referring to the
lack of sufficient natural resources for further growth—will cause industry to stall
unless economic development is instead considered in terms of entropy
transformation. Moreover, Georgescu-Roegen ([1971] 2013, 304) teaches us that it
is the finiteness of natural resources that limits how much longer humans can
survive on Earth and that both population growth and technological progress cause
the stock of natural resources to deplete faster, bringing the end of the human
species even closer. However, “even with a constant population and a constant
flow per capita of mined resources, mankind’s dowry will ultimately be exhausted
if the career of the human species is not brought to an end earlier by other
factors” (Georgescu-Roegen [1971] 2013, 296).
Furthermore, as mentioned in The Entropy Law and the Economic Process
([1971], 2013, 11), the presence of life in a system speeds up the entropic process.
In his Energy and Economic Myths: Institutional and Analytical Economic Essays
(1976, 9), Georgescu-Roegen returns to this idea and notes that humans have this
effect more than any other life forms, and that this is the root of all environmental
issues.
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When discussing entropy in the biosphere, and specifically in agriculture, it
is important to not forget the soil. Solar energy is the main consideration in this
area, but, as Georgescu-Roegen ([1971] 2013, 302) reminds us, the vital
importance of the entropic degradation of soil from repeated cultivation must be
recognized as well. As agriculturalists have discovered, manuring can help to
repair some of the degradation, but as Georgescu-Roegen ([1971] 2013, 302)
points out, anyone who believes that manuring can override the Entropy Law
would be sorely mistaken. Additionally, Georgescu-Roegen ([1971] 2013, 303)
considers the mechanization of agriculture and how this shift affects sources of low
entropy in the biosphere. As humans eventually begin switching from the use of
animals and manure in agricultural activities to the use of machines and chemical
fertilizers, necessary elements and resources that were obtained from the sun’s
energy via draft animals must now be sourced by further tapping into Earth’s stock
of natural and mineral resources, which, considering the above discussion of the
looming effects of the scarcity of natural resources on human life and civilization,
is worrisome.
Waste also necessitates deeper consideration by economists. GeorgescuRoegen ([1971] 2013, 305) teaches us that increasing negative effects of waste will
cause humans to address their current impatience surrounding the production of
synthetic alternatives and free energy through the use of mineral resources. This is
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because of how waste is related to the economic process and the fact that an
increase in the pace of the economic process naturally leads to an increase in the
accumulation of noxious waste. This problem is further confounded by the lack of
a disposal process for waste on Earth, meaning that once the waste is produced it
will remain unless free energy is used to somehow dispose of it. For example,
Georgescu-Roegen ([1971] 2013, 305) notes the vicious circle associated with
burning coal for industrial purposes and then needing to use even more coal to
produce enough energy to blow away the smog from industry. Thus, GeorgescuRoegen ([1971] 2013, 306) predicts the emergence and necessity of solar-powered
cars due to their requiring less low entropy and contributing to healthier
environments than other means of powering cars.
In his Energy and Economic Myths (1976, xvii), Georgescu-Roegen
comments on the practice of recycling. Importantly, it is not possible to recycle
dissipated matter lost during economic and other processes, and we can only
recycle what Georgescu-Roegen terms garbojunk, e.g., used cans, scrap paper,
broken bottles, worn out textiles, etc.. However, it is not possible to recycle the
entirety of all garbojunk due to entropy. Hence, Georgescu-Roegen (1976, xvii)
concludes that it is not possible for the earth—as it is a closed system—to exist as
an everlasting steady state because ceasing any and all entropic transformation of
matter is unachievable.
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Another important and timely manifestation of the Entropy Law in the
biosphere is thermal pollution, i.e., global warming. Georgescu-Roegen touches on
this in Energy and Economic Myths (1976, 14), noting that because the Entropy
Law does not provide any way to cool a planet that is being continuously heated, it
is possible that thermal heating may prove to be a larger problem and a greater
hindrance to growth than the finiteness of accessible natural resources.

Defining Ecological Economics
Through Nicholas Georgescu-Roegen’s writings on entropy in the economy and
the biosphere, a clear connection begins to emerge between his book The Entropy
Law and the Economic Process [1971] (2013), as well as some of his other
writings, and what is now known as ecological economics. Ecological economics
presupposes that the economy is embedded within a social system that is
embedded within the biosphere, and is a transdisciplinary field that explores and
connects not just economics and ecology, but also other social sciences such as
psychology and anthropology (Costanza 2010). Robert Costanza (2010), another
pioneer of ecological economics, defines three core interrelated goals of the field.
They are “sustainable scale, fair distribution, and efficient allocation,” all designed
with the intention of improving human well-being and sustainability. Importantly,
ecological economics also acknowledges the biophysical limits imposed on the
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economy due to our inhabiting a finite planet with finite resources, much like
Georgescu-Roegen’s ideas on entropy.
These ideas are in stark contrast to the field of environmental economics,
which focuses on market-based approaches to environmental problems, and views
the environment as existing within the economy. This means that environmental
economics does not recognize the fact that since the economy is a subsystem of a
finite system (the biosphere) there are limits to how much the economy can safely
and realistically grow (Costanza 2010).
Similarly, in his Energy and Economic Myths: Institutional and Analytical
Economic Essays (1976, 4), Georgescu-Roegen teaches us that while many
economists view the economic process as being isolated and self-sustaining, it is
not; in fact, the economic process cannot occur without a constant exchange that
affects the environment in an increasing way, which in turn affects the economy
itself. This concept is quite similar to the way ecological economists view the
economy as a subsystem of the biosphere.
One extremely important research area of both ecological and environmental
economics is climate change. However, the way the two fields view the problem is
very different. Environmental economics views the causes of climate change, such
as greenhouse gasses and other pollution, as externalities—that is, issues that exist
outside of markets. To correct externalities, environmental economists seek to
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develop market-based policies and tools that work to internalize negative
externalities to reduce their damage to the environment. Examples of such policies
and tools include carbon taxes and emissions trading schemes. However, in Energy
and Economic Myths (1976, 13), Georgescu-Roegen critiques this idea put forth by
economists (that is still used by environmental economists today) that “if prices are
right there is no pollution,” which he deems one of a number of problematic
economic myths. Ecological economics, on the other hand, looks elsewhere for
solutions, such as governments and other institutions. One promising approach,
based on the influential work of Elinor Ostrom, is utilizing community institutions
to help define property rights, address distribution inequities, and invest in
sustainable technologies (Costanza 2010).
In his Energy and Economic Myths (1976, xv), Georgescu-Roegen notes that
even though environmental degradation has garnered on and off attention since the
mid-1800s, it wasn’t until the 1960s that economists, including Georgescu-Roegen
himself, began to challenge the long-standing notion of unceasing economic
growth and were then joined by other scholars studying the issues associated with
mankind’s continuous existence on a finite planet. These developments can be
considered as the beginnings of ecological economics
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Conclusion
This inquiry has sought to establish that in his book The Entropy Law and the
Economic Process [1971] (2013), author Nicholas Georgescu-Roegen provides a
foundation for ecological economics. As is clear from his writings, GeorgescuRoegen took issue with the viewing of the economic process as a mechanical
analogue that is isolated from the environment and self-sustaining. GeorgescuRoegen’s work on the Entropy Law challenges these ideas and puts forth a wealth
of concepts that can be considered as the basis for the field of ecological
economics.
Within the discipline of Economic Science, the Entropy Law forces us to
continuously realize that the finiteness of natural resources necessarily limits the
economic process, which relies on low entropy to produce goods and then discards
high entropy in the form of waste, resulting in observable degradation of the
environment. Thus, studying the connections between economic processes and
entropy is the only way to clearly see how the economy and economic activities
interact with the natural environment.
These ideas are fundamental to ecological economics, which puts forth the
ideas that humans are deeply connected to the environment, as opposed to living
separate isolated lives, and that the economy exists as a part of a larger social
system, which is a subsystem of the even larger biosphere. These ideas challenge
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many classical economic beliefs, and particularly in The Entropy Law and the
Economic Process [1971] (2013), as well as Energy and Economic Myths:
Institutional and Analytical Economic Essays (1976), it is clear that GeorgescuRoegen’s ideas form a strong foundation for the basis of the field of ecological
economics.
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